Problem 2 

2- Convert the following Transfer Function to the Controllable Canonical Form state space 
representation: 

S 2 + 75 + 2 


solution 


$3 + 952 + 265 + 24 


1 State-Space Representation in Canonical Forms 

Wn here cormidcr & system rietined by 

tfrf +„, jC'-i I + . . . + a n _jj) + ,i nt , = M<»> + ft, M*"- 1 ' 4- - - • + + M . (!) 

where u. is iIjp rtnti.rol itipni hihI ji is flif output. \\V < au iv r H i =■ litis equation as 
>'{*) ft^ n + 6t« n "' + • ■■ + i>„_i* + & n 


(3) 


I .at it, w shall prwiu .«it. it puff- ri'|>n^'Ui;HUrti ofcfw sysuw il^fimtJ hy (I) wirl (2) 
in eantoottafito canonical form, ohservnUi i :n i l- : L I furm. umi <lijiii<tfjn1 canonical form. 

1.1 Controllable Canonical Form 

Wo cniisid.fr tJrt following stato-spacx? rt-'proscntfttloii, Iwing called a coriiru3tnh|c reuiori- 
IchI furtru as 
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\.iir ikn flu < ntii v. hlUil iIh* caininir«] fun ti i>- hupumnti in ilicMi^hu; tin' |inlc-|iln*THieni 
iipptonoh ta (lif cuutrol system dciiigii. 


And calculate according to the problem © 


Problem 3 


3- Drive the mathematical model of the double tank system shown. 


Liquid-level System 


• Double-tank System: 
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Liquid-level System 

- Transfer function of a double-tank system: 

• Taking the Laplace transform of the 4 equations 

C i sff 1 M=^(i)-^(r) (7) 
»--^-/r 3 M (8) 


Liquid-level System 

• By substituting equation (8) in (7) 

C i R 1 sQ 1 {s)+Q 2 {s)^=Q l (s) (9) 
Substituting equation (9) in (5) 

0 i M l (j)= £> {s)-(C 2 R 2 s + l)Q 2 [s) (10) 
From equations (6) and (8) 
H,(s)=R l Q l {s)+H 1 (s) 

From equation (9) 

H : {s)=C 2 R,R 2 sQ z (s)+ R@ 2 (s )+R : Q 2 (s) 


Liquid-level System 

• By substituting equation (11) in (10) 

C\C 2 R l R 2 s 1 Q 1 {s)+ C&sQ^s )+ C % MgsQjfe ) = Q s (s)- (C z R 2 s +l%) 2 {s ) 

Q z {s icf.R^R.s 1 + C l R i s + C : R 2 s + C\R z s +l)= Q t [s ) 

( #) a 1 

" QM) CyC^R^s 1 + + C\R 2 + C 2 R 2 )s + 1 
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